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Peroxisome proliferator-activated receptor-vy is downregulated
in ulcerative colitis and is involved in experimental
colitis-associated neoplasia
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Abstract. The aim of the present study was to evaluate the
expression of peroxisome proliferator-activated receptor
(PPAR)-vy in inflammatory bowel disease (IBD), and to
also identify the association between PPAR-y and the
clinical features of patients with IBD. An azoxymethane
(AOM)/dextran sodium sulfate (DSS) animal model of
colitis-associated neoplasia was established to investigate
the protective effect of 5-aminosalicylic acid (5-ASA) and to
explore the changes in the expression of PPAR-y during this
process. A total of 66 specimens of colorectal tissue obtained
from biopsy performed on IBD patients and 30 healthy control
individuals were immunohistochemically stained for PPAR-y.
An AOM/DSS animal model of colitis-associated neoplasia
was then established. Reverse transcription quantitative poly-
merase chain reaction was conducted and it was found that,
compared with the control group and patients with Crohn's
disease (CD), the expression of PPAR-y in the intestinal
tissue of patients with ulcerative colitis (UC) was significantly
decreased (P=0.027 and 0.046, respectively). The expression
of PPAR-y was found to be negatively associated with the
disease activity of UC and was not associated with the severity
of disease, site of lesions or CD characteristics. Administration
of 5-ASA decreased the colitis and tumor burden of colons.
The expression level of PPAR-vy in the intestinal tissue was
also increased in the AOM/DSS/5-ASA group compared
with AOM/DSS group (P<0.001). PPAR-y is an important
factor in the pathogenesis of UC and colitis-associated
cancer. The present study found that 5-ASA significantly
alleviates the colitis and tumor burden in a mouse model of
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AOM/DSS-induced colitis-associated neoplasia, and promotes
the expression of PPAR-y in the intestinal tract.

Introduction

Ulcerative colitis (UC) is a non-specific intestinal inflamma-
tory disease and the pathogenesis of the disease has not been
fully elucidated at present. Previous studies have revealed that
individuals suffering from UC are at an increased risk of devel-
oping colitis-associated cancer (CAC), which accounts for 15%
of inflammatory bowel disease (IBD)-associated mortalities (1).
Meanwhile, patients with Crohn's disease (CD), a subtype of
IBD, have a lower risk for colorectal cancer compared with UC
patients, and the pathogenesis is largely unknown. The main
strategy for CAC prevention in patients with chronic UC is
currently based on the identification of neoplasia by surveil-
lance colonoscopy. However, there is considerable interest in
the possibility of primary chemoprevention (2).

Peroxisome proliferator-activated receptors (PPARS)
are ligand-activated transcription factors that belong to a
superfamily of nuclear hormone receptors and comprise a
subfamily with three different isoforms, PPAR-a, PPAR-y and
PPAR-p/d. Previous studies (3-5) have reported that PPAR-y
plays an important role in maintaining the intestinal immune
balance, and may exert anti-inflammatory and antineoplastic
effects.

A standard drug used for the maintenance of the remis-
sion of UC is 5-aminosalicylic acid (5-ASA). Epidemiological
data has suggested that 5-ASA prevents colorectal cancer in
patients receiving the drug (6), although the mechanism of
action has yet to be fully elucidated. As 5-ASA is a ligand for
PPAR-vy (7), the dependence of the anti-proliferative effects
of 5-ASA on PPAR-vy has been investigated, but the results
have been inconsistent. Schwab et al (5) revealed that 5-ASA
arrested the cell cycle of Caco2, HT29 and HCT116 cells
in the G, /G, phase and induced apoptosis in a manner that
partly depended on PPAR-y. However, Koelink ef al (8) found
that GW9662 (a selective PPAR-y antagonist) was not able to
block the anti-proliferative effects of 5-ASA, while the agent
was able to block the anti-proliferative effect of troglitazone.
Kohno et al (9) reported that the administration of the PPAR
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ligand troglitazone significantly inhibited the incidence
and multiplicity of the colonic adenocarcinoma induced
by azoxymethane (AOM)/dextran sodium sulfate (DSS) in
mice. The administration of troglitazone also decreased the
proliferating cell nuclear antigen (PCNA)-labeling index
and the expression of f-catenin, COX-2, inducible nitric
oxide synthase (iNOS) and nitrotyrosine (9). The treatments
increased the apoptosis index in the colonic adenocarcinoma
tissues. Clearly, systematic studies are required to confirm the
role of PPAR-vy in IBD and to confirm the anti-proliferative
effects mediated by 5-ASA.

To understand the pathogenesis of IBD and CAC, several
animal models have been established. One widely used and thor-
oughly described CAC model is the AOM/DSS model. In this
model, AOM is administered to promote tumor formation and
DSS dissolved in the drinking water of rodents induces intestinal
inflammation, as well as crypt damage and crypt loss. When
DSS is administered for a number of days, followed by a period
of normal drinking water, the inflammatory period is followed
by a period of healing and repair that resembles the exacerbation
and remission stages in human UC (10,11). DSS-induced colitis
in the AOM mouse model has been demonstrated to accelerate
the development of colorectal tumors without altering the
pathological characteristics of the tumors and to be useful as a
colitis-associated intestinal cancer model (12,13).

The present study aimed to evaluate the PPAR-y levels
in IBD and the association between PPAR-y and the clinical
features of patients with IBD. In addition, an AOM/DSS
mouse model of colitis-associated neoplasia was established
to investigate the protective effect of 5-ASA and to explore the
changes in the expression of PPAR-y during this process.

Materials and methods

Sample collection. In total, 66 IBD biopsy samples,
consisting of 38 UC and 28 Crohn's disease (CD) tissue
samples, and 30 healthy colorectal mucosa specimens were
obtained from the Endoscopy Center of Shanghai First
People's Hospital (Shanghai, China). The tissue specimens
were collected between March 2010 and March 2011. The
UC patients consisted of 20 males and 18 females, with
ages that ranged between 17 and 62 years and a median
age of 39 years. The CD patients consisted of 18 males and
10 females, with ages that ranged between 16 and 59 years
and a median age of 36.9 years. Out of the patients with
UC and CD, 25 UD and 20 CD patients were in an active
stage of disease. Of the 30 healthy controls, consisting of
11 males and 19 females, the ages ranged between 25 and
57 years, with a median age of 43 years. Ethical approval
was obtained from the Research Ethics Committee of the
First People's Hospital of Shanghai Jiaotong University. All
tissue samples were anonymized according to ethical and
legal standards [Standard for quality management of clinical
research (SFDA-GCP), 2003; http://www.sda.gov.cn/WS01/
CLO0053/24473.html] and informed consent was obtained
from each patient or their family.

Animals and treatment. In total, 36 female BALB/c mice were
obtained from the Shanghai Experimental Animal Facility of
the Chinese Academy of Sciences (Shanghai, China). The mice
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were purchased at six weeks of age. The mice were housed
in an environment with controlled temperature (20-25°C),
humidity (40-70%) and day-night cycles (12 h of light and 12 h
of darkness), with free access to standard laboratory feed and
water. The investigations were performed in accordance with
the guidelines set by the Ministry of Health of the People's
Republic of China regarding the care and use of animals
for experimental procedures (http://www.gov.cn/gongbao/
content/2011/content_1860757.htm). The AOM/DSS model
of colitis-associated colorectal carcinogenesis was employed
in the present study according to the experimental treatment
protocol outlined in Fig. 1. Following an acclimation period,
the mice were randomly and equally divided into three groups,
with 12 mice per group. For the model group, 10 mg/kg AOM
(Sigma-Aldrich, St. Louis, MO, USA) was administered to
the mice through an injection when they reached seven weeks
of age. Treatment with DSS (molecular mass, 30-50 kDa;
MP Biomedicals LLC, Santa Ana, CA, USA) began three days
subsequent to the administration of 5-ASA and continued
for three cycles, with each cycle consisting of treatment with
drinking solution containing 4% DSS for seven days, followed
by 14 days of untreated water. The treatment group received
150 mg/kg 5-ASA (Tokyo Chemical Industry, Co., Ltd, Tokyo,
Japan) through a diet containing 0.15% 5-ASA, which was
manufactured by the Shanghai Experiment Animal Facility of
Chinese Academy of Sciences and stored in light-free condi-
tions. The 5-ASA dose was calculated based on the estimation
that a mouse weighing 20 g consumes a daily diet of 5 g,
consuming 2 g and wasting 3 g per day. The remaining group
acted as a control and received untreated drinking water at
all times.

Assessment of inflammation. At the end of first week, the
clinical disease activity index (DAI) was measured using the
previously described protocol (14). The DAI ranged between
0 and 4 and was calculated from the sum of scores provided
for percentage loss of body weight, stool consistency and pres-
ence or absence of fecal blood. Body weight loss was scored
as follows: 0, none; 1, 1-5%; 2, 5-10%;, 3, 10-20%; and 4, >20%.
Stool consistency was scored as: 0, well-formed pellets; 2,
loose stools; and 4, diarrhea. The presence or absence of fecal
blood was scored as: 0, negative hemoccult test; 2, positive
hemoccult test; and 4, gross bleeding. Three mice in each group
were randomly selected and sacrificed at the end of the first
week for the analysis of colonic inflammation and ulceration.
Hematoxylin and eosin (HE) staining was performed using a
previously described protocol (15) to assess the inflammation
and integrity of the intestinal mucosa.

General observation and gross anatomy. The body weight of
the mice was recorded at the time of AOM injection, and at
the beginning and end of each cycle of DSS administration.
During the period of DSS consumption and for the first week
of untreated water consumption, data regarding the mental
state, gloss of body hair, appearance of perianal region,
presence of thin or blood-containing stool, and mortality of
the mice were also recorded. Particular attention was paid
to the perianal tumor at day 42, during the third cycle of
DSS. The remaining animals were sacrificed subsequent
to three cycles of treatment. The entire colon and rectum
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Table I. Expression of PPAR-vy in patients with inflammatory bowel disease (n=96).

PPAR-y expression

Group n - + ++ +++ Positive rate, n (%)
CD 28 11 6 9 2 17 (60.71)*
ucC 38 25 7 4 2 13 (34.21)
Control 30 11 3 13 3 19 (63.33)*

“P<0.05 vs. UC group. PPAR-y, peroxisome proliferator-activated receptor-y; CD, Crohn's disease; UC, ulcerative colitis; -, absent; +, weak;

++, moderate; +++, strong.

3 Plain water
DS§

5-ASA

B DSS+5-ASA
+ AOM

Control 4

AOM+DSS 4 §

AOM+DSS+5-ASA

Figure 1. Protocol for the animal model. The arrows indicate the administra-
tion of 10 mg/kg AOM through an intraperitoneal injection. DSS indicates
the introduction of 4% DSS into drinking water and 5-ASA indicates the
introduction of 0.15% 5-ASA to feed. The plain water condition involved the
administration of a basal diet and tap water. DSS, dextran sodium sulfate;
5-ASA, 5-aminosalicylic acid; AOM, azoxymethane.

were excised, sliced longitudinally, and rinsed in saline. The
length of the colon and the number of tumors present were
also determined.

Immunohistochemistry and assessment. A total of 66 biopsy
specimens of colorectal tissue obtained from patients with IBD
and 30 normal controls were immunohistochemically stained
for the expression of PPAR-y. Paraffin-embedded 4-ym thick
sections of the tissues were deparaffinized in 100% xylene
and rehydrated in descending ethanol dilutions, according
to standard protocols (16). Heat-induced antigen retrieval
was performed in CBS buffer (pH 6.0) for 10 min at 100°C.
Endogenous peroxidase activity and non-specific antigens
were blocked with peroxidase blocking reagent containing 3%
hydrogen peroxide and serum, followed by incubation with
rabbit polyclonal antibody against human PPAR-y (dilution,
1:50; Abcam, Cambridge, UK) overnight at 4°C. Subsequent
to washing, the sections were incubated with HRP-labeled
secondary antibody for 40 min at 37°C. The peroxidase
reaction was developed using 3,3'-diaminobenzidine (DAB)
chromogen solution in DAB buffer substrate (ChemMate
and EnVision Detection kit; Gene Tech (Shanghai) Co., Ltd.,
Shanghai, China). Sections were visualized using DAB coun-
terstained with hematoxylin, mounted in neutral gum and
analyzed using a bright field microscope (Olympus Corpora-
tion, Tokyo, Japan).

The stained samples were scored by two independent
observers for the proportion of epithelial cells that stained for
PPAR-y expression, resulting in scores of 1 for <25% of cells
being stained, 2 for 25-50% and 3 for >50%. The samples

were also scored for the intensity of epithelial staining rela-
tive to that observed in adjacent endothelial cells, resulting
in scores of 0-3 for absent, weak, moderate and strong
staining, respectively. The adjacent endothelial cells acted as
an internal positive control. PPAR-y expression was quanti-
fied subjectively by summating the scores obtained for the
intensity and proportion of stained cells, as follows: Absent
expression, 0-1; weakly positive (+), 2; moderately positive
(++), 3-4; and strongly positive (+++), 5-6. For statistical
analysis, patients with staining between + and +++ were
grouped together as the PPAR-y-positive group. Associa-
tions were assessed between the proportion and intensity of
PPAR-y immunoreactivity and the clinical characteristics of
the patients.

Reverse transcription quantitative polymerase chain reac-
tion (PCR). Total RNA was extracted from frozen tissues
using the TRIzol reagent method. Briefly, 1 ml of TRIzol
(Life Technologies, Grand Island, NY, USA) was added to
50-100 mg of tissue and the tissue was homogenized in an
RNase-free environment. Chloroform was then added at a
concentration of 200 ul chloroform per 1 ml TRIzol, and the
samples were centrifuged at 12,000 x g for 15 min at 4°C.
The aqueous layer was then transferred into a fresh tube and
RNA was precipitated with isopropanol followed by one wash
using 70% ethanol. The RNA precipitate was then dissolved
into 10-15 ul of RNase-free water and analyzed for quantity
and quality using a spectrophotometer. A two-step reverse
transcription-PCR procedure was performed. Total RNA was
reverse transcribed using the GeneAmp kit (Takara Bio, Inc.,
Otsu, Shiga, Japan). Quantitative PCR was performed on an
M1 Opticon 2 real-time PCR system (Opticon, Hoofddorp,
Netherlands) according to the manufacturer's instructions.
Subsequent to setting the amplification conditions, the experi-
ments were repeated twice. The primers used were as follows:
PPAR-vy forward, 5'-GCCTCCCTGATGAATAAAGATG-3'
and reverse, 5'-AGGCTCCATAAAGTCACCAAAG-3;
GAPDH forward, 5'-GGTGAAGGTCGGTGTGAACG-3'
and reverse, 5'-CTCGCTCCTGGAAGATGGTG-3'". The
PCR cycling program was changed to 95°C for 1 min, and
then 40 cycles were performed at 94°C for 30 sec, 60°C for
30 sec and 72°C for 30 sec. Data analysis was performed using
the Opticon Monitor 3 software. The results were expressed
as fold-change in relative mRNA expression level, calculated
using the 244 method, with GAPDH acting as the reference
gene and the normal tissue providing a baseline.
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Active CD

Remission UC

Figure 2. Immunohistochemistry staining for PPAR-y of IBD patients. PPAR-y immunoreactivity was detected in specimens of human colorectal mucosa by
immunoperoxidase staining. (A and E) Normal control group showing positive staining in the crypt. (B and F) Ulcerative colitis in active stage showing nega-
tive staining in the crypts. (C and G) Ulcerative colitis in remission stage showing patchy PPAR-y immunoreactivity throughout the gland. (D and H) Crohn's
colitis in active stage showing strong positive staining toward the crypts. (A-D) magnification, x100; (E-H) magnification, x400.

PPAR-y/GAPDH

Figure 3. PPAR-y expression is upregulated by 5-ASA in vivo. The expres-
sion of the PPAR-y gene was measured by reverse transcription quantitative
polymerase chain reaction in the colon samples. ““P<0.001. PPAR-y, peroxi-
some proliferator-activated receptor-v; DSS, dextran sodium sulfate; 5-ASA,
S-aminosalicylic acid; AOM, azoxymethane.

DAI score

Figure 4. General assessment of colitis based on the DAI. DAI was reduced
subsequent to treatment with 5-ASA, compared with the AOM/DSS group.
“P<0.01. DSS, dextran sodium sulfate; 5-ASA, 5-aminosalicylic acid; AOM,
azoxymethane; DAI, disease activity index.

Statistical analyses. Data are presented as the mean + stan-
dard deviation. Statistical analysis was performed using SPSS
statistical software, version 13.0, for Windows (SPSS, Inc.,

Chicago, IL, USA). For comparisons between groups, analysis
of variance and Student's ¢-test were used. P<0.05 was consid-
ered to indicate a statistically significant difference.

Results

Expression of PPAR-y is attenuated in patients with active
UC and in the AOM/DSS mouse model. Immunohisto-
chemical analysis revealed that PPAR-y was expressed in
the cytoplasm and nuclei of cells in IBD tissues and normal
intestinal epithelium. As shown in Fig. 2 and Table I,
compared with healthy control individuals and CD patients,
the expression of PPAR-y in the intestinal tissue of patients
with UC was significantly decreased (P=0.027 and 0.046,
respectively). The expression of PPAR-y was significantly
associated with the activity of UC (P=0.028). However,
PPAR-y expression was not associated with the severity of
disease, site of lesions or clinical characteristics of patients
with CD (P>0.05; Table II). Downregulation of PPAR-y
mRNA in the intestinal tissue of the AOM/DSS model
compared with that of the AOM/DSS/5-ASA and control
group was also identified (Fig. 3), and this downregulation
was statistically significant (P<0.001).

Colitis-associated colorectal dysplasias are inhibited and
the expression of PPAR-y is promoted in the intestinal tract
by 5-ASA. Colorectal inflammation was utilized to assess the
symptoms associated with colitis, and the DAI was recorded
at the end of the first week. The AOM/DSS group demon-
strated an increase in the DAI compared with the control
group (Fig. 4), and this parameter was clearly reduced in the
5-ASA group (P=0.009). HE staining revealed neutrophil
infiltration of the lamina propria and mucosa and destruction
of the intestinal glands in the AOM/DSS group. However,
the 5-ASA group demonstrated attenuated inflammation and
renewal of the crypts (Fig. 5).

In total, two mortalities occurred when the animals were
challenged with DSS in cycles 1 and 3, respectively. Diarrhea
and blood in the stool initially appeared 3-4 days subsequent
to the initiation of DSS administration in the AOM/DSS



Table II. Characteristics of the patients with regard to peroxi-
some proliferator-activated receptor-y expression.

A, Patients with ulcerative colitis (n=38)

Characteristics n Positive rate, n (%)

Activity of disease®

Remission 13 8 (61.54)

Active 25 5 (20.00)
Severity®

Mild 9 4 (44.44)

Moderate 13 1(7.69)

Severe 3 0 (0.00)
Lesion site

Whole colon 11 3(27.27)

Left colon 16 7 (43.75)

Rectum and sigmoid 6 2 (33.33)

Rectum 5 1 (20.00)

B, Patients with Crohn's disease (n=28)

Characteristics n Positive rate, n (%)

Activity of disease

Remission 8 6 (75.00)

Active 20 11 (55.00)
Severity

Mild 7 4(57.14)

Moderate 11 6 (54.55)

Severe 1 (50.00)
Lesion site

Intestinal 16 10 (62.50)

Colon 7 5(7143)

Ileocolon 5 2 (40.00)

"P<0.05. *Cochran-Armitage trend test, P=0.031.

group, and ceased at 7-9 days after the removal of DSS from
the water supply, during which the mice exhibited messy body
hair, malaise and a lack of exercise. The average appearance
of diarrhea and bloody stools in the 5-ASA treatment group
commenced 1-2 days subsequent to the initial administration
of DSS, with mild symptoms and a faster recovery. Three
mice were observed to have developed perianal tumors in
the AOM/DSS group, one of which comprised ulcers and
bleeding. During the observation period, the AOM/DSS and
5-ASA groups each demonstrated an inconsistent weight loss
and recovery curve (Fig. 6A). The difference between the body
weight of mice in the two groups in week 9 was statistically
significant (P=0.002; Table III).

In visual observation, the AOM/DSS group possessed
intestinal edema, intestinal deformation, brittle intestines
and bled easily. The administration of 5-ASA significantly
prevented the shortening of the colorectum in the treatment
group (P=0.01), and the average number of tumors in the
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group administered with 5-ASA was significantly reduced
(P<0.001), which demonstrated the protective properties
of 5-ASA (Fig. 6B and C; Table III). Flat dysplasia and
dysplasia-associated lesions or masses were each revealed in
the AOM/DSS group by HE staining, with the presence of
a high degree of atypical hyperplasia and carcinoma in situ.
However, atypical hyperplasia was more common in the group
treated with 5-ASA (data not shown).

PPAR-y was considered to play a role in 5-ASA-mediated
protection against AOM/DSS-induced colitis-associated
neoplasia. Colon homogenates from the treatment group
revealed that 5-ASA increased the transcriptional expression
of PPAR-vy (P<0.001; Fig. 3).

Discussion

PPAR-vy is a ligand-activated transcription factor that was
originally identified as a receptor expressed in adipose tissue,
where it played a role in adipocyte differentiation and in the
regulation of insulin responses. The human PPAR-y gene is
located on chromosome 3p25, and three mRNA transcript
variants that encode two isoforms of PPAR-y, PPAR-yl and
PPAR-vy2, have been found. The colon has been identified as
one of the tissues expressing the highest levels of PPAR-v,
next to adipose tissue in epithelial cells and, to a lesser degree,
macrophages and lymphocytes (17,18). In the cellular system,
PPAR exists as a heterodimer formed with retinoid X receptor
(RXR). Upon activation by endogenous or synthetic ligands,
PPAR binds to specific PPAR response elements (PPREs) in the
target genes and acts as a transcriptional regulator (19). In addi-
tion, PPAR-y is also able to interfere with other transcriptional
factors through a non-DNA binding mode. This interference is
mediated by physical association between the heterodimer of
PPAR and RXR and other activated transcription factors, such
as Janus kinase/signal transducer and activator of transcrip-
tion (20), nuclear factor-xB (21) and nuclear factor of activated
T-cells (22), thereby blocking the functions of the factors. In
addition, excessive binding of the shared co-activators with the
PPAR-RXR dimer renders these co-activators unavailable for
other transcription factors and therefore prevents the activa-
tion of the transcription factors (23). Macrophage-specific
PPAR-y deletion significantly impaired the splenic and
mesenteric lymph node regulatory T cell component. In
addition, macrophage-specific PPAR-y deletion increased the
proportion of lamina propria CD8* T cells expressing CD40,
Ly6C and TLR-4 on the cell surface. The expression of colonic
IFN-y, CXCL9, CXCL10, IL-22,ILIRLI1, CCR1, suppressor of
cytokine signaling 3 and MHC class II was also upregulated
in mice with IBD (24).

In the present study, it was found that PPAR-y was
downregulated in active UC and the expression of PPAR-y
was significantly associated with disease activity. These
findings demonstrated that deregulation of PPAR-y may
play an important role in the pathogenic process of UC. The
present data were also consistent with the results obtained
by Yamamoto-Furusho et al (25), which indicated that the
mRNA expression of PPAR-y was decreased in rectal mucosa
from patients with active UC compared with UC patients in
remission, and PPAR-y gene expression was negatively corre-
lated with endoscopic activity, as determined by Spearman
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Table III. General observations and gross anatomy of the mice in the treatment and control groups.

Group Survival rate, n (%) Body weight, g Length of colon, cm Tumor number
Control 9 (100.0) 23.31+0.47 8.59+0.63 0
AOM+DSS 7(77.8) 19.90+1.37 7.26+0.60 9.71£2.29
5-ASA treatment 9 (100.0) 21.80+0.56" 8.22+0.67* 4.11+1.05°

Data are presented as the mean + standard deviation. * P<0.05 vs. AOM/DSS group. *P<0.01 vs. AOM/DSS group. DSS, dextran sodium

sulfate; AOM, azoxymethane; 5-ASA, 5-aminosalicylic acid.

A Control

C AOM+DSS+5-ASA

Figure 5. Representative colon glands in each group. (A) Normal control demonstrating dendritic colon villi. (B) AOM/DSS group exhibiting eroded glands
and congregated leukocytes. (C) Erosion and inflammation was alleviated by 5-ASA. DSS, dextran sodium sulfate; 5-ASA, 5-aminosalicylic acid; AOM,

azoxymethane.
A B
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Figure 6. Changes in body weight and gross anatomy. (A) Changes in body weight. The difference between the body weight of mice in the AOM/DSS group
and those in the 5-ASA group was statistically significant in week 9. (B and C) Colon length and tumor number measurements after 3 cycles of DSS. "P<0.05,
“P<0.01 and *"P=<0.001. DSS, dextran sodium sulfate; 5-ASA, 5-aminosalicylic acid; AOM, azoxymethane; W, week.

correlation test. The present study did not identify a correlation
between the expression of PPAR-vy and the site of UC lesions,
which indicates that PPAR-y was involved in an alternative
component of the UC intestinal inflammation.

UC is associated with an increased risk of colorectal cancer.
It is estimated that only 20-50% of colonic neoplasms are
detected during routine colonoscopy (26). The chemopreven-
tive effect of 5-ASA is therefore of considerable interest, and
several studies (27,28) have examined the ability of 5-ASA to
inhibit colorectal cancer in murine models, but the mechanism
of the anti-neoplastic effects of 5-ASA remain ambiguous.
The pathogenesis of CAC is widely considered to involve
a step-wise progression from inflamed and hyperplastic

epithelia to flat dysplasia and finally to adenocarcinoma (29).
CAC is probably promoted by chronic inflammation, although
the mechanism remains unclear. In the present study, preven-
tive oral administration of 5-ASA attenuated acute colitis as
observed by a significant reduction of the disease activity
index (DAI), histological/microscopic damage score in colonic
tissue. The anti-neoplastic effect may be partly attributable to
the inhibition of inflammation.

However, previous studies have reported that the anti-
neoplastic effects of 5-ASA did not completely rely on the
anti-inflammation effect. Clapper et al (30) reported that an
inverse association was observed between the dose of 5-ASA
administered and the multiplicity of colonic dysplasias.



Inflammation was least severe in the group administered
with 75 mg/kg 5-ASA, which exhibited the fewest number
of colorectal tumors. This contradictory result suggested that
5-ASA may utilize an alternative mechanism for suppressing
carcinoma. Rousseaux et al (7) reported that 5-ASA exerted
its effects in the colon through direct PPAR activation, as
it was of interest to elucidate the dependence of the 5-ASA
anti-proliferative effects on PPAR-y. Due to the association
between decreased PPAR-y expression and colonic carcinoma
and inflammation in the present study, it was hypothesized that
the chemopreventive effects of 5-ASA appear to be mediated,
at least in part, by PPAR-y activation.

The wnt/p-catenin-TCF signaling pathway has been
reported to play a critical role in the process of colorectal
cancer (31). pB-catenin is an important element of the
wnt/p-catenin-TCF signaling pathway and is also a key regu-
lator of the cadherin-mediated cell-cell adhesion system. The
increased expression of B-catenin that results from mutation
of the APC gene has been considered as the primary medi-
ator of colon carcinogenesis (23). In sporadic colon cancer,
PPAR-y was found to interfere with transcription in the wnt
signaling pathway through competition with B-catenin for
co-activating factors; mutations of the tumor suppressor gene
APC that result in APC inhibition and activation of glycogen
synthase kinase 3f (32) accelerated the phosphorylation of
[(-catenin. A previous study demonstrated that 5-ASA treat-
ment did not alter the expression of B-catenin (28). These
data suggest that the protective effect exerted by PPAR-y
may not involve the wnt/f-catenin-TCF signaling pathway.
The etiology underlying impaired PPAR-y expression in
colonic epithelial cells in UC and CAC has yet to be eluci-
dated. One common polymorphism in the PPAR-y gene is
a proline to alanine substitution (Prol2Ala) that results in
a missense substitution from CCA to GCA in codon 12 of
exon 2 of the PPAR-y gene. Previous studies (33,34) have
aimed to explore the association between the Prol2Ala poly-
morphism in the PPAR-y gene and UC disease activity. The
results indicated that the frequency of Pro/Alo heterozygotes
for the PPAR-y gene was not significantly different between
the UC and control groups, which suggested that the dysfunc-
tion of PPAR-y may not be regulated at the gene level, but
at the post-transcription level. Previous studies have found
that during the process of LPS-stimulated downregulation
of PPAR-vy, the half-life of the PPAR-y mRNA was short-
ened, and small non-coding RNA, termed microRNA, may
be involved in this process (35). To clarify the downregula-
tion mechanism of PPAR-y under inflammatory status may
become the focus of further study.

In conclusion, the present study demonstrated that PPAR-y
plays an important role in the pathogenic process of UC and
CAC. Based on the present findings, the chemopreventive
effect was considered to possibly be explained in part by the
upregulation of PPAR-y. Therefore, targeting PPAR-y may
provide a novel and promising approach for the treatment of
UC and the prevention of CAC.
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